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VACCINE 



Field of Invention 

The invention relates to vaccines, and in particular to vaccines useful in 
treatment or prophylaxis of Streptococcus pyogenes infection, for example via 
prevention of colonisation of the throat, for example following intranasal 
administration. 

Background to the Invention 

Group A Streptococcus pyogenes (GAS) is the most frequent bacterial cause 
of suppurative infections in humans. S. pyogenes usually produce diseases of the skin 
and respiratory tract, which may lead to serious sequelae like rheumatic fever and 
glomerulonephritis. GAS results in an estimated 35 million infections each year in 
the United States of America and Europe. These infections occur predominantly in 
school-aged children and adolescents, and are mainly present in the upper respiratory 
tract, resulting in 'Strep throat'. This is not life threatening and usually treatable with 
antibiotics, however such large numbers of affected puts considerable burden on 
healthcare resources. A number of complications have been reported to occur 
subsequent to the primary infection, including in some cases invasive, life 
threatening diseases. GAS infections cause a variety of clinical conditions, ranging 
from uncomplicated pharyngitis and pyoderma to the less common, more serious 
deep tissue infections and streptococci toxic shock syndrome. Untreated Strep 
pharyngitis may trigger acute rheumatic fever (ARF) which is a serious sequelae of 
GAS and has had a remarkable resurgence in the developing countries within the last 
10 years. In addition, the incidence of ARF has remained high and rheumatic carditis 

remains the leading cause of heart disease in children around the world. 

S- pyogenes express one or more surface-associated fibrillar proteins, called 

M proteins, which are the major virulence factor conferring bacterial resistance to 

phagocytosis. Antibodies (Abs) directed against these M proteins have been 

demonstrated to mediate immunity to GAS. 

There are currently more than 100 different antigenically distinguishable M 

proteins. The most severe types of S. pyogenes infections have been reported to be 



associated with Ml and M3 serotypes although other strains are also responsible. 
The M-types can be loosely classified into rheumatogenic and non-rheumatogenic 
strains. The M proteins belong to a large family of structurally related proteins which 
includes the Emm, Enn and Mrp proteins. The M proteins have affinity for several 
plasma proteins, including fibrinogen, IgG, IgA, complement factor H (fH), factor H 
like protein 1 (FHL-1) and C4 binding protein (C4BP). It has been suggested that 
bacterial binding of these plasma proteins contributes to the antiphagocytic 
properties displayed by most M proteins. 

& pyogenes is a potent activator of the complement system. Binding of 
complement regulatory proteins by streptococcal M proteins could contribute to the 
inhibition of C3 deposition on the streptococcal surface, providing a mechanism by 
which M proteins protect the bacteria from phagocytosis by the polymorphonuclear 
leukocytes (PMN) which accumulate during inflammation. The interaction between 
fH and M proteins represents the paradigm of how M proteins protect bacteria from 
complement attack and phagocytosis. 

Current vaccine strategies focus on the outer membrane M proteins, due to 
their ability to confer resistance to phagocytosis. The M proteins may also induce 
harmful host immune responses through their ability to induce cross-reactive 
antibody and T cell responses in humans. Added to the variability and number of 
these proteins, the development of an effective vaccine against a variety of serotypes 
has been problematic. Although opsonic antibodies directed against the N terminus 
of the M protein are mainly responsible for serotype immunity, more than 100 
serotypes exist. An effective vaccine would provide a cost effective means of 
preventing disease and help reduce the increased incidence of microbial antibiotic 
resistance (in other bacteria) which occurs from over dependence on antibiotic 
therapies. 

The most significant impediment to the use of synthetic peptides as vaccines 
(parenteral delivery) has been that they are only weakly or non-immunogenic when 
injected by themselves into animals. This property has necessitated the use of 
carriers, usually large highly immunogenic proteins to which the peptides are 
covalently coupled. Selecting a carrier protein for peptide vaccines is problematic. 
The well known and widely used Tetanus and Diphtheria toxoids are both associated 



with carrier suppression in adults because of prior immunisation with proteins that 
are routinely administered alone (eg tetanus). Besides insufficient titres against the 
various peptides, the development of the conjugates can be both expensive and time 
consuming. 

Since the upper respiratory tract represents the port of entry for GAS- 
infection,' the elicitation of an efficient mucosal response is desirable. It is known that 
the local IgA response plays a critical role in the elicitation of protective immunity 
against GAS. In general, it is difficult to induce a secretory, and also systemic, 
immunity when using the mucosal route for a subunit (peptide) vaccine without 
added adjuvant. 

Summary of the Invention 

The present inventors have demonstrated that effective stimulation of 
immune responses can be achieved through the use of a group A Streptococcal 
antigen combined with proteosome adjuvant, in particular for intranasal 
administration. Thus, in accordance with the present invention, there is provided a 
vaccine composition comprising at least one group A streptococcal antigen and 
proteosome adjuvant. The vaccine compositions of the invention are provided for 
use in inducing an immune response in an individual, for the treatment or 
prophylaxis of group A streptococcal infection in an individual, preferably via 
prevention or reduction of colonisation of the throat following intranasal 
administration. 

The invention also provides a method of treatment or prophylaxis of group A 
Streptococcus comprising administering a vaccine composition of the invention, 
preferably by intranasal administration to prevent colonisation of the throat. 

In a preferred embodiment, the peptide antigens for use in vaccine 
compositions according to the present invention are highly conserved regions of M 
proteins of S. pyogenes. However, other group A Streptococcal antigens may be 
used such as peptides derived from MtsA and protein H, such as APP. The vaccine 
compositions of the present invention are particularly useful for intranasal 
administration for example, to stimulate a mucosal immune response and/or to 
inhibit bacterial colonisation of the throat by group A Streptococci. 
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Figure 1: Diagrammatic representation of the Streptococcal M protein 
5 Figure 2: Sequence of J14 peptide 

Figure 3: Illustration of a proteosome adjuvant vesicle 

Figure 4: Graph of average Serum IgG Titre of Bleeds 1, 2 and 3 (J14 Specific Titre) 
10 for Example 1 S.E.M is shown. 

Group 1 J14 (CFA) - B10.BR - Subcutaneous 

Group 2 J14 amino terminal anchor (CFA) - B 10.BR - Subcutaneous 
Group 3 J14 carboxyl terminal anchor (CFA) - B10.BR - Subcutaneous 
Group 4 PBS (CFA) - B10.BR - Subcutaneous 
15 Group 5 J14 amino terminal anchor/proteosome adjuvant (ratio A)- B10.BR - 
Subcutaneous 

Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A)- BIO. BR- 
Subcutaneous 

Group 7 Proteosome adjuvant only - B10.BR - Subcutaneous 

20 

Figure 5: Graph of average opsonic potential of the sera for the seven groups in 
Example 1. 

Group 1 J14 (CFA) - B10.BR - Subcutaneous 
Group 2 14 amino terminal anchor (CFA) - B10.BR - Subcutaneous 
25 Group 3 J14 carboxyl terminal anchor (CFA) - B10.BR - Subcutaneous 
Group 4 PBS (CFA) - B10.BR - Subcutaneous 

Group 5 J14 amino terminal anchor/proteosome adjuvant (ratio A)- B10.BR - 
Subcutaneous 

Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A)-B 10.BR- 
30 Subcutaneous 

Group 7 Proteosome adjuvant only - B 10. BR - Subcutaneous 



Figure 6: Average J14 specific serum IgG for the three bleeds for Example 2. 
Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 
Group 2 J14 amino terminal anchor/proteosome adjuvant (ratio A)-Quackenbush- 
Intranasal 

5 Group 3 J 14 amino terminal anchor/ proteosome adjuvant (ratio B) - 
Quackenbush - Intranasal 
Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 
Group 5 J 14 carboxyl terminal anchor/ proteosome adjuvant (ratio A) - 
Quackenbush-Intranasal 
10 Group 6 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio B) - 
Quackenbush-Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

15 Figure 7: Graph of average in vitro opsonisation of Ml GAS by serum from the final 
bleed in Example 2. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor / proteosome adjuvant (ratio A) - Quackenbush - Intranasal 

Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - 
20 Quackenbush - Intranasal 

Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 
Quackenbush - Intranasal 

Group 6 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio B)- 
25 Quackenbush - Intranasal 

Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 

Group 8 PBS - Quackenbush - Intranasal 
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Figure 8: Graph of average saliva J14 specific IgA for the three salivations taken 
before challenge for Example 2. 



Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor / proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor / proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 
Group 5 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio A)- 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/pro teosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only -Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 



Figure 9: Graph of average faecal J14 specific IgA titres for groups 1,2,4,5 and 8 
prior to challenge in Example 2. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 4 J 14 carboxyl terminal anchor - Quackenbush - Intranasal 
Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 10: Graph of mouse survival (%) after challenge with Ml GAS for example 
2. All groups are shown. 

Group 1 J 14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush * Intranasal 
Group 3 J 14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 



Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A)- 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/ proteosorne adjuvant (ratio B)- 

Quackenbush - Intranasal 
Group 7 Proteosorne adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 11: Graph of mouse survival after challenge with Ml GAS for Example 2. 
Groups 2, 3, 5, 6 and 7 are shown. 

Group 2 J14 amino terminal anchor/ proteosorne adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosorne adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A)- 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/ proteosorne adjuvant (ratio B) - 

Quackenbush -Intranasal 
Group 7 Proteosorne adjuvant only - Quackenbush - Intranasal 



Figure 12: Graph of mouse survival after challenge with GAS for Example 2. 
Groups 5, 7 and 8 are shown. 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A)- 
Quackenbush - Intranasal 

Group 7 Proteosorne adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 13: Graph of serum J14 specific IgG antibody titre murine groups in Example 
3. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 
Group 2 J14 amino terminal anchor/ proteosorne adjuvant (ratio A) - 
Quackenbush - Intranasal 
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Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 
Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 14: Graph of the average in vitro opsonisation of the GAS reference strain for 
the 8 murine groups in Example 3. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 
Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A)- 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 



Figure 15: Graph of average J14 specific IgA titres found the saliva for all of the 
murine groups in Example 3. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 
Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 
Quackenbush - Intranasal 



Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 
- Intranasal 

Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush- Intranasal 
Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 16: Graph of average faecal J14 specific IgA titres for groups 1,2,4,5 and 8 
prior to challenge in Example 3. 

Group 1 J 14 amino terminal anchor - Quackenbush - Intranasal 
Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A)- Quackenbush 
- Intranasal 

Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio A)- 

Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 



Figure 17: Average C.F.U. of GAS for each group over the 15 day monitoring 

period for Example 3. All groups are shown. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino.terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio A> 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio B)- 

Quackenbush - Intranasal 
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Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 18: Graph of average CJF.U. of GAS from throats swabs taken over the 15 

day monitoring period for Example 3. Groups 2, 3, 5, 6 and 7 are shown. 

Group 2 J 14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 5 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio A)- 

Quackenbush - Intranasal / 
Group 6 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 

Figure 19: Graph of the percentage of swab positive or dead mice for the 8 groups 
Example 3. All groups are shown. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/pro teosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/pro teosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 



Figure 20: Graph of the percentage of swab positive or dead mice Example 3. 
Groups 2, 3, 5, 6 and 7 are shown. 
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Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjucant only - Quackenbush - Intranasal 

Figure 21: Graph of the percentage of surviving mice for each of the 8 groups in 
Example 3. All groups are shown. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 4 J14 carboxyl terminal anchor- Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J 14 carboxyl terminal anchor/ proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 



Figure 22: Graph of the percentage of surviving mice for in Example 3. Groups 2, 3, 
5, 6 and 7 are shown. 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 



Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 

Figure 23: Graph of the percentage of surviving swab positive mice in each group 
for Example 3. All groups are shown. 

Group 1 J14 amino terminal anchor - Quackenbush - Intranasal 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B) - Quackenbush 

- Intranasal 

Group 4 J14 carboxyl terminal anchor - Quackenbush - Intranasal 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/ proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 24: Graph of the percentage of surviving swab positive mice in each group 
for Example 3. Groups 2, 3, 5, 6 and 7 are shown. 

Group 2 J14 amino terminal anchor/ proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 3 J14 amino terminal anchor/ proteosome adjuvant (ratio B)- Quackenbush 

- Intranasal 

Group 5 J 14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 6 J14 carboxyl terminal anchor/proteosome adjuvant (ratio B) - 

Quackenbush - Intranasal 
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Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 

Figure 25: Graph of the average CFU of GAS for groups 5, 7 and 3 in Example 3. 
Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 26: Graph of the percentage of swab positive or dead mice for groups 5, 7 
and 8 for the 15 day monitoring period in Example 3. 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 27: Graph of the percentage of the surviving mice in each group post- 

intranasal challenge with GAS. Groups 5, 7 and 8 are shown for Example 3. 

Group 5 J14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 

Figure 28: Graph of the percentage of swab positive mice of the surviving mice in 
each group at the time of swabbing. Groups 5, 7 and 8 are shown for Example 3. 
Group 5 J 14 carboxyl terminal anchor/proteosome adjuvant (ratio A) - 

Quackenbush - Intranasal 
Group 7 Proteosome adjuvant only - Quackenbush - Intranasal 
Group 8 PBS - Quackenbush - Intranasal 
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Detailed description of the Invention 

The present invention relates to .vaccine compositions which make use of 
group A Streptococcal antigens combined with proteosome adjuvant. 

Any suitable group A Streptococcal antigen or combination of antigens may 
5 be used. Antigenic peptides for administration in vaccine compositions of the 

invention include peptides derived from M proteins of S. pyogenes, peptides derived 
from protein H and in particular the APP peptide and peptides derived from MtsA. 
However, any suitable S. pyogenes antigenic peptide can be used in accordance with 
the present invention. 

10 A peptide antigen for use in accordance with the present invention preferably 

has an amino acid sequence comprising an epitope from an S. pyogenes protein. 
Such peptide comprises at least 6 amino acids, and is preferably 10, 15, up to 20, 30, 
40 or 50 amino acids in length. Preferably, the peptide has a sequence identical to a 
portion of a naturally occurring S. pyogenes protein. However, amino acid 

15 substitutions may be made, for example, from 1, 2 or 3 up to 10 substitutions, 

depending on the length of the antigenic sequence. Preferably, the antigenic peptide 
will have at least 80%, for example at least 85%, 90% or 95% amino acid identity 
over the entire length of the fragment. Conservative substitutions may be made, for 
example, according to the following table. Amino acids in the same block in the 

20 second column and preferably in the same line in the third column may be 
substituted for each other. 



ALIPHATIC 


Non-polar 


GAP 






IL V 




Polar - uncharged 


C S T M 






NQ 




Polar - charged 


DE 






KR 


AROMATIC 




HF W Y 



In all cases, the peptides of the present invention generate an immune 
25 response useful in the treatment or prophylaxis of S. pyogenes infection. 



In one preferred embodiment of the present invention, the antigenic peptide 
comprises an amino acid sequence from an M protein of S. pyogenes. There are a 
number of different sero types of M protein. Preferably, the antigenic peptide has an 
amino acid sequence of a fragment of the more prevalent serotypes. The vaccine 
5 composition can be selected as appropriate depending on the prevalence of particular 
sero types in the local area where the population is to be immunised. In one aspect, 
the peptide antigen is derived from Ml or M3 S. pyogenes serotypes. Although the 
sequence of M proteins varies between different strains, the M proteins have a 
generally conserved region. Figure 1 sets out a diagrammatic representation of S. 
10 pyogenes M protein. Preferably, an antigenic peptide for use in accordance with the 
present invention has an amino acid sequence identical to or derived from a portion 
of the carboxy terminus conserved region of M proteins. Preferably, the antigenic 
peptide will demonstrate cross-reactivity between different S. pyogenes serotypes. A 
particularly preferred sequence in accordance with the present invention comprises 
15 the antigen ASREAKKQVEKALE. 

The antigenic peptide may be flanked by peptide sequences, for example, in 
the case of helical antigens derived from the carboxyl terminus of M proteins, to 
maintain the helical conformation of the antigen in the vaccine composition. The 
flanking sequences may be derived from the same M protein as the antigen, other M 
20 proteins or other proteins have a helical structural. Alternatively suitable flanking 
peptide sequences can be designed to maintain the helical conformation of the 
antigen. An example of a peptide having suitable flanking sequences has the 
sequence KQAEDKVKASREAKKQVEKALEQLEDKVK. 

S. pyogenes peptide antigen for use in accordance with the present invention 
25 is preferably selected to avoid potential cross reactivity with human proteins and in 
particular human keratin. Preferably, a minimal antibody epitope is selected which 
does not include T cell epitopes having undesirable cross reactivity. 

A vaccine composition in accordance with the present invention may 
incorporate more than one peptide antigenic sequence. In particular, it may be 
30 desirable to incorporate more than one S. pyogenes peptide antigens having 

sequences of fragments of more than one M protein, each optionally provided with 
flanking sequences as described above. Other suitable S. pyogenes antigens may also 



) 
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be incorporated into a vaccine according to the present invention. Such antigenic 
peptides may be derived from MtsA or protein H and may be used in place of or in 
addition to the antigenic peptides having sequences derived from M proteins. MtsA 
has been shown to be present in a number of S. pyogenes strains, and demonstrates 
high amino acid identity between strains. Preferably, an antigenic peptide has the 
sequence of a portion of the N-terminal region of MtsA and more preferably is 
EIN19, EINTEEEGTPDQISSLIEK. 

Protein H is an M-like protein derived from the strain API. An antigenic 
sequence derived from protein H is preferably, for example, APP as described in 
more detail in PCT/GB99/01 104. More preferably the peptide is KQL30 having the 
sequence KQLEDRVQQLETEKQISEASRKSAEDKVKQ. Suitable antigenic 
determinants of M proteins are described in more detail in WO 96/1 1944. MtsA is 
described in more detail in PCT/GB99/04445. 

The present invention may also be used for multivalent vaccine, comprising 
an S. pyogenes peptide antigen, proteosome adjuvant and one or more additional 
antigens against which it is desired to generate an immune response, such as a 
bacterial antigen or viral antigen. 

An antigenic peptide for use in the invention may be prepared as a fragment 
of an isolated protein of S. pyogenes. Preferably however, a peptide for use in the 
invention is made synthetically or by recombinant means. The amino acid sequence 
of a peptide for use in the invention may be modified to include non-naturally 
occurring amino acids or to increase the stability of the compound. When the peptide 

is produced by synthetic means, such amino acids may be introduced during 
production. The peptide may also be modified following either synthetic or 
recombinant production. 

The peptide for use in the invention may also be produced using D-amino 
acids. In such cases the amino acids will be linked in reverse sequence in the C to N 
orientation. This is conventional in the art for producing such peptides. 

A number of side chain modifications are known in the art and may be made 
to the side chains of the peptide for use in the present invention. Such modifications 
include, for example, modifications of amino acids by reductive alkylation by 
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reaction with an aldehyde followed by reduction with NaBH 4 , amidination with 
methylacetimidate or acylation with acetic anhydride. 

A peptide for use in the invention can be produced in large scale following 
purification by high pressure liquid chromatography (HPLC) or other techniques 
after recombinant expression as described below. 

Polynucleotides to produce an antigenic peptide for use in the invention may 
comprise DNA or RNA. They may also be polynucleotides which include within 
them synthetic or modified nucleotides. A number of different types of modification 
to polynucleotides are known in the art. These include methylphosphate and 
phosphorothioate backbones, addition of acridine or polylysine chains at the 3' and/or 
5 1 ends of the molecule. 

Although in general the techniques mentioned herein are well known in the 
art, reference may be made in particular to Sambrook et al, 1989. 

An antigenic peptide for use in the present invention is preferably produced 
by recombinant means by providing a polynucleotide encoding the peptide, and 
where appropriate encoding any desired flanking sequences, under the control of a 
promoter and other required sequences. Such a polynucleotide is generally provided 
in the form of an expression vector. 

Such vectors may be transformed into a suitable host cell to provide for 
expression of a polypeptide of the invention. Thus, a polypeptide for use according 
to the invention can be obtained by cultivating a host cell transformed or transfected 
with an expression vector as described above under conditions to provide for 
expression of the polypeptide, and recovering the expressed polypeptide. 

The vectors may be for example, plasmid, virus or phage vectors provided 
with an origin of replication, optionally a promoter for the expression of the said 
polynucleotide and optionally a regulator of the promoter. The vectors may contain 
one or more selectable marker genes, for example an ampicillin resistance gene in 
the case of a bacterial plasmid. Promoters and other expression regulation signals 
may be selected to be compatible with the host cell for which the expression vector is 
designed. 

Host cells transformed (or transfected) with the polynucleotides or vectors for 
the replication and expression of polynucleotides of the invention will be chosen to 
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be compatible with the said vector and preferably will be bacterial such as E.coli. 
Alternatively they may be cells of a human or animal cell line such as CHO or COS 
cells, or yeast or insect cells. The cells may also be cells of a non-human animal 
such as a sheep or rabbit or plant cells. 

The vaccine compositions of the present invention also comprise a 
proteosome adjuvant. The proteosome adjuvant comprises a purified preparation of 
outer membrane proteins of meningococci and similar preparations from other 
bacteria. These proteins are highly hydrophobic, reflecting their role as 
transmembrane proteins and porins. Due to their hydrophobic protein-protein 
interactions, when appropriately isolated, the proteins form multi-molecular 
structures consisting of about 60-100 run diameter whole or fragmented membrane 
vesicles. This liposome-like physical state allows the proteosome adjuvant to act as 
a protein carrier and also to act as an adjuvant. 

The use of proteosome adjuvant has been described in the prior art and is 
reviewed by Lowell GH in "New Generation Vaccines", Second Edition, Marcel 
Dekker Inc, New York, Basel, Hong Kong (1997) pages 193-206. Proteosome 
adjuvant vesicles are described as comparable in size to certain viruses which are 
hydrophobic and safe for human use. The review describes formulation of 
compositions comprising non-covalent complexes between various antigens and 
proteosome adjuvant vesicles which are formed when solubilizing detergent is 
selectably removed using exhaustive dialysis technology. 

The antigens of the present invention are preferably complexed to the 
proteosome antigen vesicles through hydrophobic moieties. Typically, an antigen is 
conjugated to a lipid moiety such as a fatty acyl group. Such a hydrophobic moiety 
may be linked directly to the peptide antigen or alternatively, a short spacer, for 
example, of two, three or four, up to six or ten amino acids can be used to link the 
antigenic peptide to the fatty group. This hydrophobic anchor interacts with the 
hydrophobic membrane of the proteosome adjuvant vesicles, while presenting the 
generally hydrophilic antigenic peptide as shown diagramatically, for example, in 
Figure 3. 

In particular, a hydrophobic anchor may comprise a fatty acyl group attached 
to the amino terminus or near the carboxyl terminus of the peptide antigen. One 



19 

example is the twelve-carbon chain lauroyl (CH 3 (CH)i 0 CO), although any similarly 
serving fatty acyl group including, but not limited to, acyl groups that are of eight-, 
ten-, fourteen-, sixteen-, eighteen-, or twenty-carbon chain lengths can also serve as 
hydrophobic anchors. The anchor may be linked to the peptide antigen using an 
5 immunopotentiating spacer. Such a linker may consist of four amino acids (CYGG 
or GGYC), which may assist in maintaining the conformational structure of the 
peptide. It is appreciated that for either the amino or carboxyl terminus anchors, 
using three to six glycine residues as spacers instead of two glycine residues would 
also function in this manner, and the preferred number of glycine residues may be 
10 dependent upon, and relative to, the size and conformation of the antigenic peptide 
used. 

In general, the two components, that is the antigenic peptide and proteosome 
adjuvant are formulated by mixing of the components in a selected solution of 
detergent(s) and then removing the detergent(s) by diafiltration/ultrafiltration 

15 methods. In general, the ratio of proteosome adjuvant to antigen contained in the 
composition is preferably greater than 1:1 and may be, for example, 1:2, 1:3, 1:4 up 
to 1:5, 1:10 or 1:20 (by weight). The detergent-based solutions of the two 
components may contain the same detergent or different detergents and more than 
one detergent may be present in the mixture subjected to ultrafiltration/diafiltration. 

20 Suitable detergents include Triton, Empigen and Mega- 10. Other suitable detergents 
can also be used. The detergents serve to solubilise the components used to prepare 
the composition. 

Multi-valent vaccines, including more than one type of antigenic peptide can 
be produced by mixing a number of different antigenic peptides with proteosome 

25 adjuvant. Alternatively, two or more proteosome adj u van t/anti genie peptide 
compositions can be produced and subsequently mixed. 

The compositions of the present invention may be administered by any 
suitable route. The vaccines are preferably formulated for delivery by a mucosal, 
parenteral or transdermal route. In particular, mucosal delivery routes such as nasal, 

30 oral and oropharangeal routes are preferred or parenteral routes such as intramuscular 
or subcutaneous injection. In a particularly preferred embodiment, the vaccine 
compositions of the present invention are for intranasal administration. Such 
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intranasal administration is effective in reducing or preventing Streptococcal 
colonisation of the throat. 

Suitable binders and carriers may also be introduced depending on the type of 
formulation that is provided. Oral formulations typically may include excipients 
such as, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium 
steriod, sodium saccharine, cellulose, magnesium carbonate. Typically, vaccination 
is carried out by intranasal delivery of a liquid or spray. 

The vaccines are administrated in a manner compatible with the dosage 
formulation in such an amount as will be prophylactically effective. The quantity to 
be administered, which is generally in the range of 5\ig to lOOmg, preferably 250ug 
to lOmg of polypeptide antigen per dose depends on a number of factors. These 
include the subject to be treated, capacity of the subjects immune system to 
synthesize antibodies and the degree of protection desired. Precise amounts of active 
ingredient required to be administered may depend on the judgement of the 
practitioner. 

The vaccine may be given in a single dose schedule or preferably in a 
multiple-dose schedule. A multiple-dose schedule is one in which a primary course 
of vaccination may be with 1-10 separate doses, followed by other doses given at 
subsequent time intervals required to maintain and/or reinforce the immune response, 
for example, at 1-4 months for a second dose and if needed, a subsequent dose(s) 
after several months. 

The formulations of the present invention are particularly useful in inducing 
opsonic antibodies in sera and or secretory antibodies in saliva for vaccination 
against S. pyogenes. For example, the vaccine compositions of the present invention 
may be used to generate IgA, for example in saliva and IgG in serum. Such 
responses can be generated following intranasal administration. 

Examples 

The Examples described below use the peptide J14 and proteosome adjuvant 
compositions as described below. 
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Chimeric Peptides (J14) and Proteosome Adjuvant 

A helical, non-host cross-reactive peptide from the C terminal region of the 
M protein was identified displayed with a non-M protein peptide sequence designed 
to maintain the helical folding and antigenicity, J 14. 

The sequence of the J14 peptide is as follows: 
KQAEDKVKASREAKKQVEKALEQLEDKVK 

A hydrophobic anchor consisting of a fatty acyl group was attached to the J14 
peptide either at that amino terminus or near the carboxyl terminus. For this 
example, the twelve-carbon chain lauroyl (CH 3 (CH)i 0 CO) was used, although any 
similarly serving fatty acyl group including, but not limited to, acyl groups that are of 
eight-, ten-, fourteen-, sixteen-, eighteen- or twenty-carbon chain lengths can also 
serve as hydrophobic anchors. The anchor was further distinguished by being linked 
to the J14 peptide using an immunopotentiating spacer consisting of four amino acids 
(CYGG or GGYC), which also assisted in maintaining the conformational structure 
of the J14 peptide. It is appreciated that for either the amino or carboxyl terminus 
anchors, using three to six glycine residues as spacers instead or two glycine residues 
would also function in this manner, and the preferred number of glycine residues 
may be dependent upon, and relative to, the size and conformation of the antigenic 
peptide used. 

Two custom designed anchored peptide constructs were synthesized using 
known organic chemistry methodologies. The amino-terminal J14 construct (nJ14) 
consisted of the carboxyl terminus of the anchor covalently linked to the amino 
terminus of the J 14 peptide, resulting in lauroyl-CYGG-J14, where CYGG, as per the 
single letter designation of amino acids, represents the amino acid sequence cysteine- 
tyrosine-glycine-glycine. The carboxy-terminal J14 construct (cJ14) consisted of the 
anchor linked toward, but not at, the carboxyl terminus of the J14 peptide. The cJ14 
construct differs significantly from the nJ14 construct. The anchored peptide for the 
cJ14 construct was designed and synthesized so that the anchor and 
immunopotentiating spacer consisted of the following sequence: (K)-(GGYC- 
lauroyl), which represents, as per the single amino acid convention, (lysine)-(glycine- 
glycine-tyrosine-cysteine-lauroyl). Note that a lysine residue was added to the amino 
terminus of the J 14 peptide in addition to the original carboxyl terminus lysine of the 
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J14 peptide. Furthermore, as indicated by the dash between the (K) and the (GGYC- 
Iauroyl), the -(GGYC-lauroyl) was covalently linked via the epsilon amino group of 
the side chain of the added carboxyl terminus lysine. This linkage was designed to 
facilitate anchor function while maintaining the conformational structure of the 
antigenic peptide. The additional length and unique structure of this construct is 
considered to have been instrumental in facilitating the immunogenicity of this 
construct alone and especially in a preferred embodiment which is when it is 
hydrophobically complexed to proteosome adjuvant vesicles to form the proteosome- 
(cJ14) vaccine. It is understood that the terms "C-terminal", C-terminal J14", "cJ14" 
or other such shorthand nomenclature, when used herein alone or in combination 
with Proteosome adjuvant vaccines refers to the construct described above. 

After formulation the following ratios (proteosome ipeptide) for both anchor 
orientations were obtained (see table 12 for more details): 

Proteosome adjuvant: N-terminal J14 (nJ14) 

Ratio A; 1:2.2 
Ratio B: 1:4.1 

Proteosome adjuvant: C-terminal J14 (cJ14) 

Ratio A; 1:1.6 
Ratio B: 1:4.6 

In addition, the estimated peptide final concentration diluted for delivery was 
2 mg/ml for all four vaccines. Therefore each mouse was given a total of 
30jil/immunisation which is equivalent to a total of 60jag of peptide per 
immunisation for examples 2 and 3. For example 1, subcutaneous immunisation, 
each mouse received a total of 30jag of peptide in the form of ratio A (1:2.2 and 1:1.6 
for nJ14 and cJ14, respectively) 

Example 1 

Subcutaneous Immunisation 

The integrity of the conformational structure and immunogenicity of the J14 
and J14 anchor candidates were determined. 
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Peptides, with or without anchors, as described in table 3.2, were emulsified 
in Complete Freund's adjuvant CFA and administered subcutaneously at the tail base 
of Bl O.BR inbred mice. After the primary immunisation, boosts of 30|ig antigen in 
PBS were given on days 21 and 28. Sera were collected 1 day prior to boosts and 15 
5 days after. 

Example la 

Immunogenicity of the Peptide/Proteosomes Delivered Subcutaneously 

Antibody titres, specific for the J14 peptide, are shown in Figure 4. The 

10 antibody titres, after a primary immunisation in CFA and two boosts in PBS (groups 
1-3), indicate that the J14 peptide with the addition of either the amino terminal 
(group 2) or carboxyl terminal (group 3) anchors, have resulted in sera that is able to 
recognise the standard chimeric J14 peptide. This infers that the addition of either the 
amino terminal or carboxyl terminal anchor did not disrupt the conformational 

15 structure of the J14 chimeric peptide. 



Table 1: Murine Groups for Example 1. 



Group 


Immunogen 


Immunisation 


Number 


Number 




Route 


of Mice 


1 


J14 (CFA) 


s/c 


5 


2 


J14 amino terminal anchor (CFA) 


s/c 


5 


3 


J14 carboxyl terminal anchor (CFA) 


s/c 


5 


4 


PBS (CFA) 


s/c 


5 


5 


J14 amino terminal anchor / proteosome 
adjuvant (ratio A) 


s/c 


5 


6 


J14 carboxyl terminal anchor / proteosome 
adjuvant (ratio A) 


s/c 


5 


7 


Proteosome adjuvant only 


s/c 





20 The subcutaneous immunisation of the peptide-proteosome adjuvant 

constructs resulted in average titres of 6,160 for group 5 and 11,380 for group 6 



(amino and carboxyl terminal J14 anchor formulated with proteosomes-ratio A, 
respectively). All mice responded to the immunisation schedule after the second 
boost with titres of the individual mice ranging from 400 to 25,600 for group 5 and 
100 to 51,200 for group 6. Neither the CFA or Proteosome adjuvant only immunised 
mice induced a J14 specific response. 

The first three groups using CFA as the adjuvant induced a strong 
immunological response in all of the mice in those groups. As expected, the 
PBS/CFA group did not induce a J14 specific response. Groups 5 and 6, utilising the 
proteosome technology, did induce a response. 

Example lb 

Opsonic Potential of Sera from Immunised Mice 

Sera were tested for their ability to opsonise or kill the Ml GAS reference 
strain (Figure 5). All of the mice in groups one and three opsonised the GAS strain, 
with killing ranging from 13 to 43 % and 22 to 62%, respectively. For group two 
only 3 of 5 mice opsonised the Ml GAS. 

Both of the J14/proteosome adjuvant immunised groups (five and six) 
opsonised the GAS strain. However, the opsonic potential of the individual mice 
varied with only 2 out of 4 mice from group five (mouse number 4 died before the 
opsonisation assay) and 3 out of 5 mice opsonising the bacteria from group six. Both 
of the control groups (four and seven) did not kill the bacteria in the in vitro assay. 

Discussion and Conclusions 

The experiment showed that sera raised to the peptides containing the anchors 
was able to recognise the standard J14 chimeric peptide and therefore the anchors did 
not appear to disrupt the conformational structure of the peptide. It was also shown 
the peptide proteosome adjuvant constructs were able to induce an immune response 
to the J14 peptide, however it was not as strong as that of J14 when combined with 
CFA. 
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Example 2 

Nasal Immunisation with Intraperitoneal Challenge 

The immunogenicity of the J 14 peptide / proteosome adjuvant was 
5 determined in the murine model. The potential of intranasal immunisation with the 
vaccine candidate and degree of protection inferred against intraperitoneal challenge 
were determined. Peptides complexed with proteosome adjuvant according to table 
2 were used for intranasal immunisation of Quackenbush (outbred) derived from 
Swiss outbred mice. Two boosts of 6Q\±g peptide / 30jxl / mouse at 21 day intervals, 
10 followed the primary immunisation. One day prior to the boosts and 15 days after 
serum IgG titres specific for J14 were measured and iso typing performed. IgA titres 
from salivations collected 2 days prior and 14 days after boosts were determined. 
Mice were intraperitoneally challenged with a dose of Ml GAS reference strain. 



15 Table 2: Murine Groups for Example 2 



Group 
Number 


Immunogen 


Immunisation 
Route 


Number 
of Mice 


1 


J 14 amino terminal anchor 


UN 


10 


2 


J14 amino terminal anchor / proteosome 
adjuvant (ratio A) 


UN 


15 


3 


J 14 amino terminal anchor / proteosome 
adjuvant (ratio B) 


UN 


15 


4 


J 14 carboxyl terminal anchor 


UN 


10 


5 


J 14 carboxyl terminal anchor / proteosome 
adjuvant (ratio A) 


UN 


15 


6 


J 14 carboxyl terminal anchor / proteosome 
adjuvant (ratio B) 


UN 


15 


7 


Proteosome adjuvant only 


UN 


10 


8 


PBS 


UN 


15 
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Example 2a 

Immunogenicity of the J14 / Proteosome adjuvant Constructs 

Total IgG antibody titres, specific for the J14 peptide, are shown in Figure 6. 
Groups 2,3,5 and 6 (peptide-proteosome adjuvant groups) also induced significant 
J14 specific serum antibody titres. Overall, the average titres of the control groups (7 
and 8) were not significant compared to the Jl 4 - adjuvant groups in the final bleed. 
Approximately one third of group 4 (mice immunised with the carboxyl terminal 
anchored J 14) induced antibodies that recognised the J 14 peptide. 

The response of the control groups given the peptide alone varied. In group 1 
none of the mice responded to the peptide. However, for group 4 two mice in 
particular (mouse numbers four and ten) gave a very strong response to the peptide 
for all isotypes, therefore accounting for the high average titres observed. The 
majority of mice from the peptide-proteosome adjuvant formulations immunised 
groups responded. 

Example 2b 

Opsonic Potential of Sera from Immunised Mice 

The opsonic potential of serum collected from the final bleed was determined 
(Figure 7). As expected groups 7 and 8 did not kill the GAS reference strain in the in 
vitro assay. The average kill for mice immunised with the N-terminal anchored group 
was 1.7% and for the C-terminal anchored group average kill was 8%. The 
proteosome adjuvant immunised groups 2, 3, 5 and 6 averaged greater then 20% 
opsonisation, however large variability between individual mice was observed. 

Example 2c 

Peptide / Proteosome Adjuvant Induced Saliva and Faecal IgA 

Saliva was collected after immunisation, 2 days prior to the boosts and 14 
days after the final boost. The J14 specific IgA titres were determined as shown in 
Figure 8. All of the mice in group one responded with titres ranging from 10 to 80. 
For group 8, 7 out of 14 mice responded with titres ranging from 0 to 10. The 



peptide-anchor groups, 1 and 4, had 4/10 and 7/10 mice respond respectively with 
individual titres ranging from 0 to 20 and 0 to 80. Of the peptide proteosome 
adjuvant groups 2 (12/15), 3 (1 1/15), 5 (all responded) and 6 (all responded), titres of 
the individual mice ranged from 0 to 40, 0 to 640, 10 to 320 and 10 to 160, 
respectively. 

Faecal samples were collected on days 24, 25, 26, 35, 45, 46, 47 and 56 post- 
primary immunisation. The J14 specific IgA titres were determined as shown in 
Figure 9. Faecal IgA was detected for the peptide/ proteosome adjuvant group 2 and 
in particular, group 5, with the titres appearing to peak approximately 3 to 4 days 
after each boost. 

Example 2d 

GAS Challenge of Immunised Mice 

A dose curve for each mouse strain was determined for the Ml GAS 
reference strain. Mice were then challenged with a LD90 dose of the Ml GAS strain 
calculated from this curve. Following challenge mice were monitored for 10 days for 
death and morbidity. The results of the GAS challenge are shown in a series of 
Figures 10 to 12. 

Figure 1 1 shows the results for the peptide-proteosome adjuvant groups (2, 3, 
5 and 6). The peptide-proteosome adjuvant appeared to induce a delay in mortality of 
the mice with these groups. This is clearly demonstrated in Figure 12, which 
highlights the difference between group 5 (J 14 carboxyi terminal anchor- proteosome 
adjuvant - ratio A), and group 8 (PBS). Group 5 induced the strongest antibody 
response of all the peptide-proteosome adjuvant groups. It is proposed that the 
peptide-proteosome adjuvant constructs reduce the initial bio-burden of the GAS 
infection, thus delaying in death in these groups. Considering the mice received 
approximately an LD90 i.p., which rarely occurs in humans. 

Discussions and Conclusions 

The constructs delivered intranasally induced a strong IgG and IgA antibody 
response in the serum and saliva, respectively. In addition, it was shown that the 
serum IgG antibodies were able to opsonise the GAS reference strain in vitro. While 



28 ' 

not able to induce significant protection in group 5 (0.05>P>0.01) at day 10 of the 
challenge (Figure 12), there was a significant delay in death of the immunised mice 
for days 2 to 6 post-challenge (P<0.05) compared to the PBS control group (group 

8). 

The number of surviving mice in group 5 was also significant (P<0.05) 
compared to the proteosome adjuvant control group 7 up until day 7 post-challenge. 
Tables 4 and 5 show the days on which there was a significant difference in mice 
survival between the peptide-proteosome immunised groups (2,3,5 and 6) and the 
proteosome adjuvant only and PBS control groups (groups 7 and 8, respectively). 



Table 4: Significance Summary of Mice Survival Post-Challenge Data (Example 2). 
P values shown, dark grey P<0.05 and light grey P<0.1. Groups 2,3,5,6 v 7. (Number 
of Surviving Mice/Number of Mice Challenged) 



Day 


Group 2 
proteosome 
adjuvant: 
nJ14(l:2.2) 


Group 3 
proteosome 
adjuvant: 
nJ14(l:4.1) 


Group 5 
proteosome 
adjuvant: 
<J14(1:1.6) 


Group 6 
proteosome 
adjuvant: 
cJ 14(1:4.6) 


Group 7 
proteosome 
adjuvant 
only 


1 


0.659 (7/14) 


0.337 (10/15) 


0.107(13/16) 


0.260 (10/14) 


-(5/10) 


2 


0.234 (6/14) 


0.058 (9/15) 


0.009 (12/16) 


0.079 (8/14) 


- (2/10) 


3 


0.171 (5/14) 


0.034 (8/15) 


0.004 (11/16) 


0.171 (5/14) 


- (1/10) 


4 


0.047 (5/14) 


0.028 (6/15) 


0.008 (8/16) 


0.094 (4/14) 


- (1/10) 


5 


0.179 (3/14) 


0.350 (2/15) 


0.017 (7/16) 


0.094 (4/14) 


-(0/10) 


6 


0.329 (2/14) 


0.350 (2/15) 


0.215 (3/16) 


0.094 (4/14) 


-(0/10) 


7 


0.583 (1/14) 


1.00 (0/15) 


0.215 (3/16) 


0.329 (2/14) 


-(0/10) 


8 


0.583 (1/14) 


1.00 (0/15) 


0.215 (3/16) 


0.329 (2/14) 


- (0/10) 


9 


0.583 (1/14) 


1.00 (0/15) 


0.215 (3/16) 


0.329 (2/14) 


- (0/10) 


10 


0.583 (1/14) 


1.00 (0/15) 


0.215 (3/16) 


0.329 (2/14) 


- (0/10) 
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Table 5: Significance Summary of Mice Survival Post-Challenge Data (Example 2). 
P values shown, dark grey P<0.05 and light grey P<0.1. Groups 2,3,5,6 v 8. (Number 
of Surviving Mice/Number of Mice Challenged) 



Day 




Croun 3 


f?rnun "5 








proteosome 


Droteosome 


d r o te o so m e 


d rote o so me 


PBS 




adjuvant: 


adiuvant: 

si mj v* w si ■ ■ v ■ 


adjuvant* 

SI M J SI W SI 1 I (a • 


adjuvant: 

SI U J SI V SI IIS. 






nJ14 


nJ14 


CJ14 


CJ14 






(1:2.2) 


(1:4.1) 


fl:1.6) 


(1:4.6) 




1 


0.220 


0.550 


0.419 


0.649 






(7/14) 


(10/15) 


(13/16) 


(10/14) 


(10/14) 


2 


0.347 


0.092 


0.014 


0.126 






(6/14) 


(9/15) 


(12/16) 


(8/14) 


(10/14) 


3 


0.193 


0.033 


0.004 


0.192 






(5/14) 


(8/15) 


(11/16) 


(5/14) 


(2/14) 


4 


0.193 


0.129 


0.045 — ; 


0.324 






(5/14) 


(6/15) 


(8/16) 


(4/14) 


(2/14) 


5 


0.500 


0.674 . 


0.086 


0.324 






(3/14) 


(2/15) 


(7/16) 


(4/14) 


(2/14) 


6 


0.500 


0.527 


0.353 


0.163 






(2/14) 


(2/15) 


(3/16) 


(4/14) 


(1/14) 


7 


0.759 


0.483 


0.353 


0.500 






(1/14) 


(0/15) 


(3/16) 


(2/14) 


(1/14) 


8 


0.759 


0.483 


0.353 


0.500 






(1/14) 


(0/15) 


(3/16) 


(2/14) 


(1/14) 


9 


0.759 


0.483 


0.353 


0.500 






(1/14) 


(0/15) 


(3/16) 


(2/14) 


(1/14) 


10 


0.759 


0.483 


0.353 


0.500 






(1/14) 


(0/15) 


(3/16) 


(2/14) 


(1/14) 



Example 3 

Nasal Immunisation with Nasal Challenge 

The potential of intranasal immunisation with the vaccine candidate and the 
degree of protection, thus reduction in bio-burden, achieved against intranasal 
challenge were ascertained in a murine model. 

Quackenbush (outbred strain) derived from the Swiss outbred mouse were 
given two boosts at 21 day intervals after the primary immunisation. 1 day prior to 
the boosts and 15 days after the final boost before challenge, serum IgG titres were 
determined. IgA titres were determined for the saliva collected 2 days prior to the 
boosts and 14 days after the final boost. Faeces were collected as described 
previously. 

Mice were challenged with Ml GAS reference strain (streptomycin resistant) 
via the nasal route. Post challenge mice were monitored on a daily basis for a period 
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of 15 days. Regular throat swabs were taken of surviving mice to monitor GAS 
colonisation of the throat on days 1, 2, 3, 6, 9 and 15. 



Table 3: Murine Groups for Example 3. 



Group 
Number 


Immunogen 


Immunisation 
Route 


Number 
of Mice 


1 


J14 amino terminal anchor 


I/N 


10 


2 


J14 amino terminal anchor / proteosome 
adjuvant (ratio A) 


I/N 


15 


3 


J14 amino terminal anchor / proteosome 
adjuvant (ratio B) 


I/N 


15 


4 


J14 carboxyl terminal anchor 


I/N 


10 


5 


J14 carboxyl terminal anchor / proteosome 
adjuvant (ratio A) 


I/N 


15 


6 


J14 carboxyl terminal anchor / proteosome 
adjuvant (ratio B) 


I/N 


15 


7 


Proteosome adjuvant only 


I/N 


10 


8 


PBS 


I/N 


15 



Example 3 a 

Immunogenicity of the Peptide / Proteosome Adjuvant Constructs 

The average serum IgG titre was determined to monitor J14 specific serum 
antibody titres (Figure 13). The antibody responses observed (Figure 13) are similar 
to those obtained previously with nasal immunisation and intraperitoneal challenge 
(Figure 6). The average serum IgG isotype titres were determined for the final bleed. 

Example 3b 

Opsonic Potential of Sera from Immunised Mice 

The average opsonic potential of the serum from the final bleed was 
determined as previously described for the 8 murine groups (Figure 14). 
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Example 3c 

Detection of Saliva and Faecal IgA Antibodies in Mice Immunised with the 
Peptide/Proteosome Adjuvant Formulations 

The average J 14 specific IgA titres were determined for the saliva collected at 
each designated time point for each murine group (Figure 15). The proteosome 
adjuvant-immunised groups 3, 5 and 6 gave the strongest saliva IgA responses. A 
similar trend was observed in the first experiment (Figure 8). 

The J14 specific IgA titres of faecal samples were determined as shown in 
Figure 16. IgA antibodies were detected in the faecal samples of mice from group 5, 
with titres appearing to peak 3 to 4 days after boosting (Figure 16). 

Example 4 

Intranasal Challenge of Immunised Mice 

Following intranasal challenge with GAS, mice were monitored for GAS 
colonisation of the throat by swabbing on days 1, 2, 3, 6, 9 and 15 post challenge. 
Data from the throat swabs is presented in four different formats; average colony 
forming units of GAS, percent positive or dead, percentage of surviving mice, and 
percent positive of surviving mice. 

Example 4a 

The Average Colony Forming Units (C.F.U.) of GAS 

The average C.F.U of GAS was obtained for all surviving mice for each 
group and the best immunised group shown in Figure 25, with the corresponding 
controls. 

Groups 2 and 5 of the J14 / proteosome adjuvant immunised mice (Figure 18) 
had lower C.F.U. of GAS compared to the control groups. These two groups 
practically cleared the GAS colonisation quicker then the PBS control groups by day 
6 and maintained this clearance until the end of the monitoring period at day 15. The 
average C.F.U. for groups 5, 7 and 8 are directly compared in Figure 25. 
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Example 4b 

Percent Positive or Dead 

The percentage of mice in each group which returned a GAS positive swab or 
were dead was recorded. Spleens from the dead mice were removed and checked for 
the presence of GAS. Groups 5, 7 (proteosome adjuvant only) and 8 (PBS) are 
directly compared in Figure 26. By day 15 all peptide / proteosome adjuvant 
immunised groups had reduced number of mice either dead or swab positive when 
compared to the proteosome adjuvant only immunised group (Figure 20). 
Example 4c 

Percentage of Surviving Mice 

The percentage of mice surviving in each group from the total of mice that 
were originally challenged in that group were ascertained. By day 15 all peptide / 
proteosome adjuvant immunised groups had reduced number of mice either dead or 
swab positive when compared to the proteosome adjuvant only immunised group 
(Figure 22). 

Example 4d 

Percent Positive of Surviving Mice 

This data indicates the percentage of mice that produced a GAS positive 
throat swab out of the surviving mice in each group at the designated day on which 
the swab was taken. 

Of the surviving mice the J14 immunised mice had a reduction in the number 
of mice that returned positive throat swabs. From the data obtained from examples 2 
and 3, group 5 appears to be the best candidate of the formulations tested in the 
murine model. Figures 25 to 28 compare this group from example 3 to the 
corresponding control groups 7 (proteosome adjuvant only) and 8 (PBS). 

By day 9 post challenge the J14 immunised mice (group 5) had a significant 
reduction in the number of animals that returned a positive swab or were dead when 
compared to the proteosome adjuvant only (group 7) and PBS (group 8) control 
groups. A comparison of group 5 and the control groups 7 (proteosome adjuvant 
only) and 8 (PBS) as shown in Figure 27, found that the J14 immunised mice (group 
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5) had significantly more mice surviving challenge at day 6 compared to both groups 
7 and 8. Group 5 also appeared to clear the GAS colonisation in the surviving mice - 
quicker then that of the control groups in which the majority of the mice died (100% 
positive in group 7 and 92.9% positive in group 8) (Figure 28). 

Discussion and Conclusions 

The constructs delivered intranasally induced a strong IgG and IgA antibody 
response in the serum and saliva, respectively. In addition it was shown that the 
serum IgG antibodies were able to opsonise the GAS reference strain (Ml) in vitro. 

The J14 proteosome adjuvant formulations were able to delay death and reduce the 
initial bio-burden of the GAS challenge compared to the control groups. Group 5 was 
the best performer of the peptide proteosome adjuvant groups and was able to reduce 
the initial average C.F.U. of GAS colonisation by approximately 40% with in the 
first 24 hours. This group was also able to reduce the number of swab positive or 
dead mice in the group, had significant numbers of mice survive challenge and of 
those that survived, less returned positive swabs. 

Tables 6 to 1 1 show the days on which there were significant differences in 
mice survival, percent positive (or dead) and percent positive of surviving mice 
between the peptide-proteosome adjuvant immunised groups (2, 3, 5 and 6) and the 
proteosome adjuvant only and PBS control groups (groups 7 and 8, respectively). 
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Table 6: Significance Summary of Mice Survival Post-Challenge Data (Example 3). 
P values shown, dark grey P<0.05 and light grey P<0.1. Groups 2,3,5,6 v 7. (Number 
of Surviving Mice/Number of Mice Challenged). 





vj i \juyj 

d roteoso m e 
adiuvant: 

VI VI ■ VI w VI I ■ V* 

nJ14(l:2.2) 


d ro te o so m g 
adiuvant: 

VI UJ M W Vfl • ■ v • 

nJ 14(1: 4.1) 


CZ rn 1 1 n ^ 

n rote o so me 

adiuvant: 

V* V* 1 VI v VI I 1 V • 

cJ14(l:1.6) 


nroteosome 
adiuvant: 

VI VI ■ VI V VI ■ ■ V ■ 

cJ 14(1: 4.6) 


Grnun 7 

oroteosome 

adiuvant 

VI VI J VI W VI V ■ V 

only 


i 


1.00 (11/11) 


0.329 (12/14) 


0.583 (13/14) 


1.000 (15/15) 


- (10/10) 


2 




0.295(11/14) 


0.0.75..(Ji3/il4;). 


0.147 (13/15) 


- (6/10) 


3 


0.126(10/11) 


0.611(8/14) 


0.075 (13/1$) 


0.261 (12/15) 


- (6/10) 


4 


0.05-5(10/11) 


0.660(7/14) 


0.075 (.12/14) 


0.337 (10/15) 


- (5/10) 


5 


0.055;(i(D/ll) 


0.660(7/14) 


MislWS i. 


0.337 (10/15) 


" (5/10) 


6 




0.418(6/14) 


I8<8M0MM1©»1 


0.082 (10/15) 


- (3/10) 


7 




0.418(6/14) 




0;OS2 (10/15.) 


- (3/10) 


8 




0.418(6/14) 






-(3/10) 


9 




0.357(5/14) 




"0.057 (9/15) 


- (2/10) 


10 




0.357(5/14) 


IPj^oIIPMI 


0.057 (9/15) 


- (2/10) 


11 




0.357(5/14) 




0.057 (9/15) 


- (2/10) 


12 


wrnmrnmrnm 


0.357(5/14) 


r2W'i'0j^(M@»i 


0.057 (9/15) 


- (2/10) 


13 


tmmmm/twm 


0.357(5/14) 




0.057 (9/15) 


- (2/10) 


14 




0.357(5/14) 


I^1^1'0^M/>1C4))1 


0.057 (9/15) 


- (2/10) 


15 




0.357(5/14) 




0.105 (8/15) 


" (2/10) 



Table 7: Significance Summary of Mice Culture Positive or Dead Post-Challenge 
Data (Example 3). P values shown, dark grey P<0.05 and light grey P<0.1. Groups 
2,3,5,6 v 7 



Day 


Group 2 
proteosome 
adjuvant: 
nJ14 (1:2.2) 


Group 3 
proteosome 
adjuvant: 
nJ14 (1:4.1) 


Group 5 
proteosome 
adjuvant: 
cJ14 (1:1.6) 


Group 6 
proteosome 
adjuvant: 
cJ14 (1:4.6) 


Group 7 
proteosome 
adjuvant 
only \ 


1 


1.000 


1.000 


0.329 


1.000 




2 


0.454 


0.417 


0.602 


0.399 




3 


0.417 


0.371 


0.463 


0.346 




6 


0.331 


0.417 


0.250 


0.650 




9 


0.124 


0.583 




0.350 




15 


0.262 


0.329 


[@M9 ■ 


0.198 
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Table 8: Significance Summary of Surviving Mice Culture Positive Post-Challenge 
Data (Example 3). P values shown, dark grey P<0.05 and light grey P<0.1. Groups 
2,3,5,6 v 7 (Number of Swab Positive Mice/Number of Surviving Mice) 



Day 


Group 2 
proteosome 
adjuvant: 
nJ14(l:2.2) 


Group 3 
proteosome 
adjuvant: 
nJ14(l:4.1) 


Group 5 
proteosome 
adjuvant: 
<J14(1:1.6) 


Group 6 
proteosome 
adjuvant: 
<J14(1:4.6) 


Group 7 
proteosome 
adjuvant: 
only 


1 


1.000 (12/12) 


1.000 (14/14) 


0.329(12/14) 


1.000(15/15) 


- (10/10) 


2 


0.333 (12/12) 


0.353 (11/11) 


0.730(10/12) 


0.316 (13/13) 


- (5/6) 


3 


0.662 (7/11) 


0.385 (7/8) 


0.694 (8/12) 


0.245 (11/12) 


- (4/6) 


6 


0.745 (6/9) 


0.333 (6/6) 


0.725 (7/11) 


0.423 (9/10) 


" (2/3) 


9 


0.509 (6/9) 


0.714 (4/5) 


0.358(6/11) 


0.654(7/9) 


- (2/2) 


15 


0.654 (7/9) 


0.476 (3/5) 


0.192 (4/11) 


0.466 (5/8) 


" (2/2) 













Table 9: Significance Summary of Mice Survival Post-Challenge Data (Example 3). 
P values shown, dark grey P<0.05 and light grey P<0.1. Groups 2,3,5,6 v 8. (Number 
of Surviving Mice / Number of Mice Challenged). 



Day 


Group 2 
proteosome 
adjuvant: 
nJ14 (1:2.2) 


Group 3 
proteosome 
adjuvant: 
nJ14 (1:4.1) 


Group 5 
proteosome 
adjuvant: 
<J14 (1:1.6) 


Group 6 
proteosome 
adjuvant: 
c314 (1:4.6) 


Group 8 
PBS 


1 


0.577 (11/11) 


0.473 (12/14) 


0.741 (13/14) 


0.499 (15/15) 


- (14/15) 


2 


0.303 (11/11) 


0.500 (11/14) 


0.500 (13/14) 


0.674 (13/15) 


- (13/15) 


3 


0.274 (10/11) 


0.299 (8/14) 


0.186(12/14) 


0.500 (12/15) 


- (11/15) 


4 


0.024 (10/11) 


0.576 (7/14) 


0.032(12/14) 


0.231 (10/15) 


-(7/15) 


5 


0.024 (10/11) 


0.576 (7/14) 


0.032(12/14) 


0.231 (10/15) 


- (7/15) 


6 


0.109 (9/11) 


0.566 (6/14) 


0.032(12/14) 


0.231 (10/15) 


- (7/15) 


7 


0.109 (9/11) 


0.566 (6/14) 


0.032 (12/14) 


0.231 (10/15) 


-(7/15) 


8 


0.109 (9/11) 


0.566 (6/14) 


0.032(12/14) 


0.231 (10/15) 


-(7/15) 


9 


0.109 (9/11) 


0.413 (5/14) 


0.032(12/14) 


0.357 (9/15) 


- (7/15) 


10 


0.109 (9/11) 


0.413 (5/14) 


0.032(12/14) 


0.357 (9/15) 


-(7/15) 


11 


0.109 (9/11) 


0.413 (5/14) 


0.032(12/14) 


0.357 (9/15) 


- (7/15) 


12 


0.109 (9/11) 


0.413 (5/14) 


0.032(12/14) 


0.357 (9/15) 


- (7/15) 


13 


0.109 (9/11) 


0.413 (5/14) 


0.032 (12/14) 


0.357 (9/15) 


- (7/15) 


14 


0.109 (9/11) 


0.413 (5/14) 


0.032 (12/14) 


0.357 (9/15) 


-(7/15) 


15 


0.109 (9/11) 


0.413 (5/14) 


0.032(12/14) 


0.500 (8/15) 


- (7/15) 
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Table 10: Significance Summary of Mice Culture Positive or Dead Post-Challenge 
Data (Example 3). P values shown, dark grey P<0.05 and light grey P<0.1. Groups 
2,3,5,6 v 8. 



Day 


Group 2 
proteosome 
adjuvant: 
nJ14 (1:2.2) 


Group 3 
proteosome 
adjuvant: 
nJ14 (1:4.1) 


Group 5 
proteosome 
adjuvant: 
cJ14 (1:1.6) 


Group 6 
proteosome 
adjuvant: 
<J14 (1:4.6) 


Group 8 
PBS 


1 


1.000 


1.000 


0.224 


1.000 




2 


1.000 


1.000 


0.206 


1.000 




3 


0.028 


0.483 


0.035 


0.499 




6 


0.346 


0.259 


0.255 


0.499 




9 


0.188 


0.741 


0.056 


0.500 




15 


0.574 


0.674 


0.029 


0.500 





Table 11: Significance Summary of Surviving Mice Culture Positive Post-Challenge 
Data (Example 3). P values shown; dark grey P<0.05 and light grey P<0.1 values 
shaded. Groups 2,3,5,6 v 8. (Number of Swab Positive Mice/ Number of Surviving 
10 Mice). 



Day 


Group 2 


Group 3 


Group 5 


Group 6 


Group 




proteosome 


proteosome 


proteosome 


proteosome 


8 




adjuvant: 


adjuvant: 


adjuvant: 


adjucant: 


PBS 




nJ14 (1:2.2) 


nJ14 (1:4.1) 


cJ14 (1:1.6) 


cJ14 (1:4.6) 




1 


1.000 


1.000 


0.224 


1.000 






(12/12) 


(14/14) 


(12/14) 


(15/15) 


(15/15) 


2 


1.000 


1.000 


0.203 


1.000 






(12/12) 


(11/11) 


(10/12) 


(13/13) 


(14/14) 


3 


0.045 - 


0.421 


0.056 


0.522 






(7/11) 


(7/8) 


(8/12) 


(11/12) 


(11/11) 


6 


0.635 


0.269 


0.572 


0.360 






(6/9) 


(6/6) 


(7/H) 


(9/10) 


(5/7) 


9 


0.392 


0.688 


0.199 


0.600 






(6/9) 


(4/5) 


(6/11) 


(7/9) 


(6/7) 


15 


0.607 


0.576 


0.167 


0.573 






(7/9) 


(3/5) 


(4/11) 


(5/8) 


(5/7) 
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Table 13: Results from parenteral immunisation with the selected MtsA (A) and 
APP (B) antigens and subsequent parenteral GAS challenge. 



A 






Antigen 


Percentage of 
surviving mice 


Opsonic 
Activity 
°/o 


PBS (-ve) 
Expt #1 


50 


0 


MtsA (EIN) 
Expt#l 


75 


60 


PBS (-ve) 
Expt #2 


40 


0 


MtsA (EIN) 
Expt #2 


90 


84 




B 






Antigen 


Percentage of 
surviving mice 


Opsonic 
Activity 
% 


PBS (-ve) 


40 


0 


APP chimeric 


73.3 


45 



The J 14 peptide derived from the conserved region of the outer membrane M 
protein of Streptococcus pyogenes was evaluated together with the proteosome 
adjuvant. After intranasal immunisation with the J14 carboxyl terminal anchor 
proteosome complex and subsequent intranasal challenge, 85-90% protection was 
observed. The in vitro analysis showed that the formulation induced opsonic 
antibodies in sera and secretory antibodies in saliva. 

This patent application describes the evaluation of the J14 peptide 
/proteosome adjuvant complex as a potential intranasal vaccine for GAS. The J14 
peptide, constituting a highly conserved region of the M protein, has been used as a 
representative antigen to illustrate the feasibility and efficacy of the vaccine. 

In addition to this peptide, MtsA and APP peptides have also been 
demonstrated to effectively induce high opsonic activity and protection in mice 
intraperitoneal challenge models (table 13). A study of the Thai GAS endemic 
population shows that both of these antigens and their peptide derivatives are widely 
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recognised (85%) by antibodies. Based on these data, two peptide candidates (EIN 
19 and APP chimeric KQL30) have been selected for further pre-clinical studies in 
the proteosome adjuvant formulation. 

Bessen and Fischetti (1990) reported the influence of intranasal immunisation 
5 with synthetic peptides corresponding to conserved epitopes of the M protein on 
mucosal colonisation by GAS. Mice were immunised intranasally with conserved 
region peptide-CTB conjugates or CTB only. Mice were then challenged with GAS 
and monitored for 15 days post challenge. 

After fifteen days post challenge, 28.8% of CTB immunised mice and 
10 peptide-CTB immunised mice were dead, compared to 80% and 15.4% of 
proteosome adjuvant only and peptide proteosome adjuvant immunised mice (group 
5), respectively, demonstrated in this patent application. By day 15, 65.4% of CTB 
immunised mice and 46.2% of peptide-CTB immunised mice were either swab 
positive or dead. Comparing this to our current study, which found that 15 days after 
15 challenge 100 % of proteosome adjuvant only and 42.8% of peptide proteosome 
adjuvant immunised mice (group 5) were swab positive or dead. 

Of the surviving mice at day 15, Bessen and Fischetti reported 51% and 24 % 
positive for GAS in the CTB immunised mice and peptide-CTB immunised mice, 
respectively. In comparison 100% and 36.4 % of the proteosome adjuvant only and 
20 peptide proteosome adjuvant immunised mice (group 5) respectively were positive 
for GAS in the studies described within this application. 

In a separate study, Guzman et al, (1999) reported a protective immune 
response against Streptococcus pyogenes in mice following intranasal vaccination 
with the fibronectin-binding protein, Sfbl. Outbred Swiss mice were intranasally 
25 immunised with Sfbl coupled to CTB and then challenged intranasally. Five days 
post challenge 100% of the CTB mice and 20% of the Sfbl mice were dead. 

Using heat-killed bacteria, Bronze et. al., (1992), reported that a locally 
administered group A streptococcal vaccine in mice could evoke protective 
immunity. Outbred Swiss mice were intranasally immunised with heat-killed GAS 
30 and then challenge intranasally. Fourteen days post challenge 83.3% of PBS and 0 % 
of heat-killed GAS immunised mice were dead. 



40 

Ji et. al. (1997) immunised mice intranasally with affinity purified 
recombinant C5a peptidase and reported 10.5% of these mice were culture positive 
on day 5 post challenge, in contrast to 37% of PBS immunised mice. In comparison, 
the data presented within this application shows that by day 6 post challenge 64.3% 
of peptide-proteosome adjuvant immunised mice (group 5) were swab positive or 
dead and 90% of proteosome adjuvant only mice were swab positive or dead. 

The J14— proteosome adjuvant immunised mice described herein appear to 
have increased levels of protection against GAS when compared to the Bessen and 
Fischetti study. The percentage of survival of these groups was also comparable to 
that achieved with the Sfbl protein, the whole heat killed bacteria and C5a peptidase 
immunised mice. 
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